Male breast disease comprises a wide spectrum of benign and malignant processes. We present the spectrum of diseases encountered at our institution over the past 7 years (2007)(2008)(2009)(2010)(2011)(2012)(2013) and correlate their radiological and histopathological appearances. Gynaecomastia is the most frequently encountered disease due to its association with a variety of causes. Male breast malignancies, though rare, must be considered. The most frequently encountered pathological characteristic is invasive and the predominant histologic subtypes are infiltrating ductal carcinomas.
Male breast disease is often under recognized owing in part to its rarity and also to a lack of awareness. Although male breast disease is most often benign, cancer of the vestigial male breast does occur. Currently, breast cancer is 1 of the most infrequent cancer types in men and comprises <1% of all male cancers and 0.65% of all breast cancers [1] . Prognostic factors and current treatment regimens have been extrapolated from experiences gathered from female breast cancer. No current guidelines exist regarding screening mammography of asymptomatic men at any age. Thus almost all male patients present with a clinical symptom such as breast pain or palpable mass.
In this article, we describe and characterize a series of both benign and malignant male breast disease processes encountered at our institution over the past 8 years (2005-2013) by correlating the radiological and pathological appearances.
Normal Male Breast
The normal male breast consists of mainly adipose tissue containing few ducts beneath a small nipple-areolar complex ( Figure 1A ). Terminal ductal lobular units do not usually develop in men and the underlying pectoralis muscle is more prominent than is typically seen in the female breast. Due to a lack of lobular organization, it has been suggested that no suspensory ligaments of Cooper exist in the male breast ( Figure 1B) [2] . Mammographically, the male breast should be homogeneously radiolucent with little subareolar strands of connective tissue.
Benign Diseases

Gynecomastia
Gynecomastia is unilateral or bilateral enlargement of the male breast caused by a proliferation of dense connective tissue and ductal epithelial hyperplasia in response to an increased estrogen to testosterone ratio. This is the most common benign breast pathology in men and has been found in up to 55% of male breasts in 1 autopsy specimen series [3] . There are many pathological causes of elevated estrogen, which can lead to gynecomastia (Table 1) . Normally, breast tissue develops identically in both sexes from birth until puberty. Physiologic gynecomastia can occur at 3 stages of life: the neonatal period secondary to maternal estrogen, during pubertal gonadotropin surge, and finally in senescence due to a drop in the testosterone level.
Three radiographic patterns have been described: Nodular: Initially, there is ductal epithelial hyperplasia with periductal stromal edema in the retroareolar region, also described as the florid phase ( Figure 2A ). Mammography shows well-circumscribed homogeneously radiodense disc shaped retroareolar densities ( Figure 2B) .
Dendritic: This appears as a heterogeneous retroareolar soft tissue density with extensions radiating into the adipose tissue with a ''flame-shaped'' appearance ( Figure 3A ). Histologically, this represents the fibrous phase of gynecomastia characterized by minimal proliferation of the ductal epithelium and periductal stromal fibrosis ( Figure 3B ). This form of gynecomastia is irreversible [4] .
Diffuse: The mammographic appearance of diffuse glandular gynaecomastia is similar to that of the female breast. There is an overall increase in breast size by heterogeneous breast tissue.
Hemangioma
Despite its frequent occurrence elsewhere in the body, hemangiomas of the male breast are seen only rarely. Hemangioma is a benign vascular lesion composed of well- defined and lobulated proliferation of vascular channels, which are lined by endothelial cells filled with erythrocytes and supported by a fibrous stroma ( Figure 4A ). They are more frequently located superficially either in the dermal or subcutaneous layers [5] . Mammographically, they appear as a well-defined highdensity mass often with lobulated contour ( Figure 4B ). Internal coarse calcification, which may be related to phleboliths, may be present.
Pseudoangiomatous Stromal Hyperplasia
Pseudoangiomatous stromal hyperplasia (PASH) is a benign entity occurring in the breast. The clinical spectrum can vary from an incidental finding on pathology for another lesion, to a focal palpable mass-like nodule ( Figure 5A ), otherwise termed nodular PASH, to diffuse involvement. Histopathologically, PASH forms pseudovascular slit-like channels lined by bland myofibroblastic spindle cells in a background of dense collagenous stroma ( Figure 5B ) [6] . Mammographically, nodular or diffuse PASH may appear as well-circumscribed or partially defined radiodense lesions without calcification.
Myofibroblastoma
Myofibroblastoma is an uncommon benign mesenchymal tumour encountered predominantly in adult males. Histopathologically, myofibroblastoma is composed of spindled or oval-shaped myofibroblasts arranged in fascicles surrounded by thick bands of hyalinized collagen ( Figure 6A ). Slow growth over several years and rapid growth over several weeks have both been described [7] . The radiologic features of myofibroblastomas are variable. On mammograms, they appear as oval well-circumscribed masses with benign features ( Figure 6B ).
Papillary Lesions
Benign papillary breast lesions describe a spectrum of histopathologies including single large duct papilloma, multiple peripheral papillomas and papillomas with atypical hyperplasia. A papilloma is an intraductal lesion with multiple branching papillary fronds connected to the inner mammary duct wall by a fibrovascular core ( Figure 7A ). Clinically, patients can present with a painless mobile breast lump and can also have bloody nipple discharge. Mammography demonstrates a discrete dense mass in the subareolar region and sonography reveals a smooth-walled cystic lesion with internal solid components ( Figure 7B ). It is not possible to distinguish papilloma from papillary carcinoma by imaging alone; therefore, pathologic confirmation is needed to exclude a malignancy [2] . 
Epidermal Inclusion Cysts and Sebaceous Cysts
Patients with epidermal inclusion or sebaceous cysts typically will present with palpable lumps sometimes with tenderness if the cysts rupture and incite surrounding inflammation ( Figure 8A ). They are located superficially as a dermal lesion or in the subcutaneous tissue and are the third most common benign male breast lesion [2] . The 2 entities are not readily differentiated based on imaging or clinical features. Both are similar in mammographic presentation and appear as well-circumscribed, ovoid, and high-density lesions ( Figure 8B) . Tangential view demonstrating a superficial lesion will be confirmatory.
Breast Malignancies
Male breast cancers are rare, representing approximately 1% of the total breast cancers and 1% of all male malignancies and account for <0.1% of cancer-related death in men. There appears to be an increase in the incidence of male breast cancers and past studies have suggested an increased from 0.85-1.3 per 100,000 between 1973-2000 [1] . All of the histological types of carcinoma identified in the female breast have been observed in the male breast. These patients have been reported to present at a more advanced stage with an associated adversely affected prognosis even though the cancer behavior and aggressiveness are considered equivalent to that of postmenopausal female breast cancers. Male BRCA2 mutations convey higher risk than BRCA1 mutations, in contrast to women.
Ductal Carcinoma In Situ
Ductal carcinoma in situ (DCIS) is rare, accounting for only approximately 5% of all male breast carcinomas [8] . The majority of male DCIS cases have been associated with invasive carcinomas (DCISAIC), with relatively few pure DCIS described. The morphologic appearance of the pure DCIS and to a lesser extent DCISAIC is notably distinct from that observed in the female breast. Histopathologically, there is a high frequency of papillary and cribriform architecture followed much less frequently by solid, micropapillary, and comedo forms ( Figure 9A ).
Mammographic examination with microfocus magnification may demonstrate pleomorphic microcalcifications, which occur primarily in the DCIS components of tumours ( Figure 9B ). Most cases of male DCIS present with symptoms such as a palpable mass or bloody nipple discharge. Of all male and female patients with untreated DCIS, a reported 30%-50% develop invasive cancer in the following 10-20 years [8, 9] .
Invasive Ductal Carcinoma
Invasive ductal carcinoma (IDC) of the ''no special type'' (NST) category is the most common male breast cancer representing more than 85% of all breast malignancies [1] . Mammographically, these typically appear as radiodense irregular masses with margins that can range from spiculated to lobulated or microlobulated ( Figure 10A ). IDC are often found in the retroareolar location because male breast cancers commonly arise from central ducts ( Figure 10B ). Sonographic exams usually show an irregular and hypoechoic retroareolar mass with variable vascularity, spiculation, and angular margins. Secondary findings of skin thickening, axillary lymphadenopathy, and increased trabeculation indicate lymphatic spread and carry a poor prognosis [10] .
Invasive Micropapillary Carcinoma
Invasive micropapillary carcinoma (IMPC) is an uncommon histological type of breast cancer and represents only 2% of all male breast cancers [8] . This tumour exhibits reversed polarity of the neoplastic cells as the luminal surface is oriented along the periphery of the nests; thus termed the ''inside-out tumour'' ( Figure 11A ). Histologically, it is composed of tumour cells arranged in morule clusters and/or tubules and surrounded by a clear space resembling lymphatic vessels. Pure IMPC of the breast is very rare; most reported cases have been mixed with IDC, NST [11] . This invasive carcinoma subtype is associated with a poor prognosis because it has a high incidence of lymphatic involvement and nodal metastasis. No specific image findings have been ascribed to IMPC, though one may appreciate increased echogenicity where a central lumen exists from the acoustic interface created ( Figure 11B ).
Invasive Mucinous Carcinoma
Among the histological variants of male breast cancer, invasive mucinous carcinoma (IMC) constitutes only approximately 1% [8] . Histologically, mucinous carcinomas are classified as pure or mixed forms. The hallmark of this diagnosis is a varying amount of extracellular mucin surrounding the tumour cells ( Figure 12A ). If there are regions of invasive cells not surrounded by extracellular mucin, this is considered a mixed form. Mammographically, the pure form usually presents as a round and wellcircumscribed lesion ( Figure 12B ) while on ultrasound, the tumour has well-defined margins and is iso-to hypoechoic to the surrounding adipose tissue. The prognosis of pure IMC is considered better than for the mixed form and is associated with a lower rate of lymph node metastasis [12] .
Paget's Disease
This is often a clinical diagnosis of skin disease in association with breast cancer. It appears as mild eczematous scaling, erythematous, poorly delineated lesion of the nipple and can progress to crusting, skin erosions, and ulceration with spread onto the areola and the surrounding skin ( Figure 13A ). Topical application of corticosteroids can result in temporary resolution, which may cause a delay in the diagnosis. Paget's disease of the nipple is defined as the presence of malignant glandular epithelial cells within the epidermis of the nipple-areolar skin ( Figure 13B ). Mammary Paget's disease is a form of DCIS and most cases are thought to be a result of epidermotrophism from underlying high grade DCIS. Greater than 97% of patients with confirmed Paget's disease will have an underlying breast carcinoma, DCIS with or without invasion [9] . 
Lymphoma
Primary lymphoma of the breast is a rare entity and occurs at an equal frequency in the male and female breast. Although uncommon in both sexes, lymphoma is the most common secondary neoplasm in the breast [4] . Domchek et al [13] reviewed 73 cases of lymphomatous involvement of the breast and found that only 44% represented primary breast lymphomas, 29% of cases were disseminated disease, and the remaining 27% represented recurrence. Mammograms can show multiple enlarged dense circumscribed oval and lobular axillary lymph nodes, solitary circumscribed mass, or multiple vague masses ( Figure 14A ). The clinical outcome of breast lymphoma is dependent on the histology classification grading and parallels that of lymphoma occurring in other locations ( Figure 14B ) [13] .
Chondrosarcoma
Chondrosarcomas of the chest wall often arise from the costochondral junction or sternum and represent the most common primary malignant neoplasm of the chest wall. They may present as a breast mass ( Figure 15A ). Histopathologically, the presence of cartilaginous matrix ( Figure 15B ) will result in a differential diagnosis of metaplastic breast carcinoma if the lesion is thought to represent a breast primary tumour. Chondrosarcomas have a strong tendency to metastasize to distant sites and at the time of discovery, approximately 10% will have metastatic spread to the lung [14] .
Summary
Male patients will typically present symptomatically to the diagnostic mammography department. It is important to be aware of the spectrum of diseases that can afflict this population and to act on the findings in an appropriate and expeditious manner. Careful evaluation of the imaging features and a thorough knowledge of the male anatomy with consideration of the alterations it can undergo under hormonal influences is important in evaluating the breast lesions. If a classic pattern of gynaecomastia is present, the most frequent finding in the male patient, it is helpful to direct the referring clinician to an underlying cause. Because primary male breast cancers are a rare entity, one should broaden the possible consideration to include all aspect of the breast from the superficial to the deep chest wall.
